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LUDWIK A. TECLAFF
EILEEN TECLAFP

Restoring River and Lake Basin Ecosystems
ABSTRACT
Aquatic ecosystems have been and are being damaged by waterworks
constructed,often long ago,for economically beneficial purposes. The
builders of such works paid little attention to environmental values
because water management policy was dominated by development.
That policy is beginning to change. New projects are apt to be
hedged about by environmental safeguardsand older waterworks are
being modified or even eliminated so as to restore a river or lake to
a state of ecological balance. This article shows examples of damage
to ecosystems in the past, what restorationtechniques are currently
being used, and relevant developments in domestic and international
water law and policy. The concluding section suggests strategiesfor
the restoration of damaged aquatic ecosystems in a transboundary
context.
INTRODUCTION
Rivers, lakes and other freshwater ecosystems are living things,
part of that life-sustaining envelope of the Earth which is called the biosphere. In the diversity of their uses and values they are indispensable to
human and non-human life alike. These aquatic ecosystems have been
and are still being damaged by waterworks constructed, sometimes long
ago for purposes beneficial to humans, such as flood control, hydropower
production, and irrigation. The builders of the works paid scant attention
to the integrity of the ecosystem or to any environmental values (except
the incidental provision of fishery and recreational opportunities in
reservoirs). No treaties, laws, or regulations mandated such concern.
Now, evidence of environmental abuse is everywhere, in virtual pipelines
of water that used to be lively streams, in silted reservoirs and dried-up
lakes, in dams with no fish ladders for spawning runs of salmon or trout,
in the remnants of fish, bird, animal and plant populations that once
were numerous. All are mute witness to a water management policy
dominated solely by development and economic benefit.

* Ludwik A, Teclaff is Professor of Law Emeritus at Fordham University School of Law.
Eileen Teclaff is a writer and researcher on environmental subjects.
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This policy is beginning to change. In parts of the world, such as
North America and Europe, where modem techniques of water exploitation are long-established, the era of big dams and other major engineering works appears to be coming to an end, partly for lack of money,
partly for lack of suitable sites, but very largely, also, from opposition on
environmental grounds. New projects are apt to be hedged about by
environmental safeguards. However, there remain the older projects, still
fulfilling their designed functions, which have nearly obliterated some
aquatic ecosystems. For these ecosystems nothing short of restoration will
help. Some damage may be rectified by eliminating the offending
waterworks or uses, some by technical modifications, and some by a
deliberate and often costly program to nudge the river or lake back to a
state of ecological balance. Restoration of an aquatic ecosystem, thus,
means restoring the possibility of coexistence between the system's nonhuman and human elements and its potential for sustainable, multipurpose use.
This article aims to show examples of damage caused by misuse
of aquatic ecosystems in the past; some restoration techniques and
projects currently being carried out; and relevant developments in water
law and policy. The concluding section of the article will discuss
strategies for the restoration of damaged aquatic ecosystems in a
transboundary context.
DAMAGE FROM WATERWORKS
The ecosystem of a river is made up of two components, riverine.
and riparian, regarded by ecologists as interdependent and providing
both fish and wildlife habitat.' The riverine part of the ecosystem is
contained within the channel; the riparian, streamside, part is a transition
zone of varying width between the water and the upland. (The same is
true of lakes.) Healthy riparian ecosystems fulfill many functions for the
aquatic part, evening out flows between wet and dry seasons, retaining
sediments, providing water storage, maintaining water quality, and
exporting organic matter downstream to form the basis of food chains.
They are more biologically diverse as a rule than surrounding uplands,
1. The following description of river and lake basin ecosystems and their component
habitats is based on National Research Council, Restoration of Aquatic Ecosystems: Science,
Technology, and Public Policy 178-87 (I992) [hereinafter National Research Council]; see also
Wetland Creation and Restoration: The Status of the Science (Kusler & Kentula, eds., 1990)
[hereinafter Wetland Creation and Restoration]. Especially note Jensen & Platts, Restoration

of Degraded Riverine/RiparianHabitat in the Great Basin and Snake River Regions, in Wetland
Creation and Restoration, supra, at 367; Carothers et al., The Creation and Restoration of

Riparian Habitat in Southwestern Arid and Semi-Arid Regions, in Wetland Creation and
Restoration, supra, at 351.
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provide corridors for wildlife, including many large mammals, and in
arid regions are the primary habitat for most desert wildlife species. For
the purposes of this article, aquatic ecosystems comprise both the riverine
and riparian components.
Few major rivers anywhere in the world now reach their
destination, be it sea or lake or desert sink, in a natural state.2 Dams,
diversions, dikes, levees and other waterworks produce changes in the
water itself, in quantity, rate of flow and gradient, temperature and silt
load; changes in the bed and banks of the water body, e.g.; by erosion in
some parts and accretion in others; changes in the level and quality of
groundwater connected with surface watercourses; and changes in the
natural seasonality of flood and drought. 3 All have adverse effects on
riverine habitat for plant, fish and animal life. Where several dams and
reservoirs are built in succession on a river, the damage is cumulative.
Deltas and estuaries are especially vulnerable, being the furthest habitats
downstream. Disruptions to the riverine system caused by damming,
diversion, or channelization (straightening the course of a river) affect the
riparian ecosystem, too, especially forested wetlands which have narrow
ranges of tolerance.4 The fragility of ecosystems in regions of climatic
extremes makes them liable to severe harm, and the fact that modern
water development schemes were carried out with great economic benefit
initially in temperate areas has tended to obscure the environmental risks
of transferring this technology to the tropics.'
The consequences for some aquatic ecosystems can be utterly
devastating. The Aral Sea, which used to be larger than any of the Great
Lakes except Lake Superior, may disappear from the face of the earth
within a few decades if nothing is done to halt and reverse its present
rate of shrinkage.' This once huge freshwater resource has suffered an
2. At present rates of development, it is estimated that some two-thirds of the world's
total stream flow will be controlled by dams by the end of this century. Natural Research
Council, supra note 1, at 200. That is to say nothing of changes in stream flow brought about
by channelizing (straightening) the course of rivers or by diverting large amounts of water

for irrigation and municipal supply in such as manner that either it is never returned to the
originating watercourse or is returned impaired in quantity and quality.

3. There is a large and growing literature on the adverse environmental effects of
waterworks and water resources development. See, e.g., Teclaff, Water Law in Historical
Perspective 226-31 (1985); Goldsmith & Hildyard. The Social and Environmental Effects of
Large Dams (1984); National Research Council, supra note 1, at 188-206; 1 Federal
Interagency Floodplain Management Task Force, Floodplain Management in the United

States: An Assessment Report 21 (1992) (Summary Report) thereinafter Floodplain
Management).
4. Wetland Creation and Restoration, supra note 1, at xx.

5. See Scudder, The Need and Justificationfor MaintainingTransboundaryFlood Regimes: The
Africa Case, 31 Nat. Res. J. 75 (1991).

6. Ellis, A Soviet Sea Lies Dying, Nat'l Geographic, Feb. 1990, at 72; Kotlyakov, The Aral Sea
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"anthropogenic desertification"7 from the diversion of its two great feeder
rivers, the Amu Darya and the Syr Darya. A similar fate may soon befall
another lake in the former Soviet Union, Lake Sevan in Armenia!
Already shrunken by nearly 40 years of drawdown to supply hydroelectric power plants, its survival is vital to the region's drinking and
irrigation water supply, but, it can be saved only by restarting an unsafe
nuclear reactor to provide an alternative source of electricity." After the
breakup of the Soviet Union, the controlling factors in the case of both
bodies of water have become transboundary and probably more difficult
to resolve. However, an intranational situation is no safeguard against
such losses. Mono Lake in California's Sierra Nevada almost dried up
after Los Angeles began diverting the lake's feeder streams to supply
municipal faucets. The lake waters, dropping at a rate of more than 40
feet in four decades and with a salt content two and a half times that of
the ocean, exposed a wide rim of alkali flats like the Aral shoreline."
Freshwater lakes such as these are particularly vulnerable to
ecosystem damage from reduced inflows, but many major rivers now
show the adverse effects of decades of water regulation. The Colorado,
one of the most dammed and diverted rivers in the world, is a prime
example. Throughout its course, waterworks have produced changes in
temperature, salt content and turbidity, as well as large fluctuations in
flow, resulting in the near extinction of several species of native fish as
well as innumerable adverse impacts on other forms of wildlife and on
vegetation." The section that has suffered most lies at the outlet, below
the Mexican border. Described in the pre-dam era as a "milk-and-honey
wilderness,"" the ecosystem of the delta changed completely after the
construction of the major dams on the United States side and the low
flows of the Colorado since then have even prevented the river from
scouring its natural exit to the Gulf of California. 3

Basin: A CriticalEnvironmental Zone, 33 Env't 4 (1991).
7. Kotlyakov, supra note 6, at 4.
8. See Bonner, Wars Envelop Armenia, CorrodingEnvironment, N. Y. Times, Aug. 17,1993,
at A2.

9. Id.
10. Young, The Troubled Waters of Mono Lake, Nat'l Geographic Oct. 1981, at 504.
11. See Teclaff, supra note 3, at 228; Morgan, Transboundary Liability Goes With the Flow?

Gasser v. United States: The Use and Misuse of a Treaty, 5 Transboundary Resources Rep.,
Summer 1991, at 1, 2; Carrier, The Colorado: A River Drained Dry, Nat'l Geographic, June
1991, at 4; Glenn et al., Cienega de Santa Clara:Endangered Wetland in the Colorado River Delta,
Sonora, Mexico, 32 Nat. Res. J. 817 (1992).
12. Carrier, supra note 11, quoting the noted conservationist, Aldo Leopold. The delta
once boasted a rich variety of plant and animal life, supporting an indigenous Indian
economy based on hunting, fishing and seasonal flood planting similar to Egypt's millennial
flood irrigation from the Nile.
13. Id. at 4, 34; Morgan, supra note 11. Sediment accumulation from diminished flows
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Several major African rivers downstream of large dams are
similarly afflicted. Changes in the regime of the Nile after the building
of the Aswan High Dam include increased erosion in the channel and
along the delta shoreline, greater salt content of the water, and changes
in aquatic vegetation, resulting in a pronounced reduction in fish species
in the river, and a loss of sardine landings offshore. 14 Flow reduction
since the building of dams on the Niger River has cause a severe drop in
downstream fisheries, and the same is true of the Volta River, even
though the Akasombo dam was built closer to the coast and its impact
has been felt over a shorter reach."5 On the Senegal some fish species
have disappeared from the river below the Manantali and Diama dams
and the ecosystem of the delta has been completely transformed."
Fish, especially anadromous 7 species such as salmon, are
particularly sensitive to river regulation. Like canaries in a coal mine,
they are often the first indicators of trouble. In the Pacific Northwest, the
enormous output of hydropower from dams on the Columbia River and
its tributaries has been achieved at the cost of a drastic decline in
anadromous fisheries, once the largest in the world. Sectors of this
international river system are so impassable or so degraded that only a
fifth of the historic average of 12 million fish now return to spawn."8 So
the great biological diversity of these fisheries has been lost-in many
cases forever.
Wetlands have a different set of problems. The very existence of
the Florida Everglades has been threatened by flood control and drainage
systems which cut off much of the seasonal surplus water that used to
inundate this huge estuarine area. 9 Since the last century, the Mississippi River has been (partially) tamed by a vast system of dams, levees
and canals. These have so interrupted the flow of sediment, freshwater,
and nutrients to the Mississippi delta that the coastline is receding and
sinking, large areas of wetland are lost each year, and saltwater intrusion
is altering the vegetation of marshes and swamps Levees and embank-

allowed a large sand bar to block the river's mouth.

14. See White, The Environmental Effects of the High Dam at Aawn, 30 Env't 5 (1988).
15. Scudder, supra note 5, at 89-92.

16. Kamto, Fleuves et Lacs Internationaux Africains et Problemes Ecologiques: QueLques
ConsiderationsJuridiques,21 Envtl. Pol'y & L 236 (1991).
17. Migrating from salt water to spawn in fresh water.
18. Kom, The Salmon's last Run, 13 Amicus J.30 (1991); see also Moore & Willey, Water

in the American West: InstitutionalEvolution and EnvironmentalRestoration in the 21st Century,
62 U. Colo. L Rev. 775, at 778-79 (1991). Therecare 14 dams on the main river and more
than 50 on its tributaries. Moore & Willey, supra, at 778.
19. Teclaff, supra note 3, at 228-29; National Research Council, supra note 1, 477-82; Hope
for the 'River of Grass', N.Y. Times, July 16, 1993, at A14.
20. See National Research Council, supra note 1, at 176-77; Titus, Causes and Effects of Sea
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ments move floodwaters downstream at high speed and can actually
increase the risk of devastating floods-something that residents in the
Bangladesh floodplains of the Ganges and Brahmaputra rivers have long
known and that residents of the American Midwest discovered in the wet
summer of 1993. 2
RESTORATION: POLICY AND PRACTICE IN THE
UNITED STATES
The Midwest floods, though devastating to farms and cities in
their path, demonstrated one point with lush abandon-that nature can
restore an aquatic ecosystem, at least temporarily, without human
assistance' In most cases, however, laissez faire is not enough. Merely
ceasing to regulate a river or lake may not allow natural processes to do
the work. This means taking positive action and, at the same time, a
rather sophisticated approach. It is a step further in environmental policy,
beyond preservation of pristine habitat and prevention of harm. It has
given rise to the relatively new science of restoration ecology, introducing
human participation in the processes of ecosystems.' Such an approach
has been characterized as dangerously manipulative and liable to conjure
up a "fix-it" attitude toward future as well as past damage.' However,
successful restoration projects point the way toward a human-environment relationship that holds great promise for reconciling sustainable
development with environmental protection.?
Level Rise, in Climate Institute, Preparing for Climate Change, Proceedings of the First North
American Conference on Preparing for Climate Change: A Cooperative Approach 115,12829 (1987); Teclaff, The River Basin Concept and Global ClimateChange,8 Pace Envtl. L. Rev. 355,
375 (1991).
21. Custers, Banking on a Flood-FreeFuture?Flood Mismanagement in Bangladesh,Ecologist,
Sept./Oct. 1992, at 241, 242. Interestingly, control of Bangladesh's rivers was modelled on
that of the Mississippi in a 1964 Master Plan. Id. All three rivers illustrate the fact that
embankment construction is, in the long run, self-defeating. See Stevens, The High Risks of
Denying Rivers Their Flood Plains,N.Y. Times, July 20, 1993, at Cl.

22. See Schneider, The Floods' Environmental Legacy: Mankind's Bane is Wildlife's Boon, N.Y.
Times, July 30, 1993, at A14. But the toxic residues left by the floods may undo the benefit
to ecosystems. Greenpeace Newsl., Oct./Nov./Dec. 1993, at 1.
23. On aquatic ecosystem restoration, see Natural Research Council, supranote 1; Wetland
Creation and Restoration, supra note 1; Federal Interagency Floodplain Management, supra
note 3; Kusler & Larson, Beyond the Ark. A New Approach to U.S. Floodplain Management, 35
Env't 7 (1993) and sources cited therein; Water: The Power, Promise, and Turmoil of North
America's Fresh Water (1993) (National Geographic Special Edition). On aspects of
restoration, generally, see Cowell, Ecological'Restoration and Environmental Ethics, 15 Envtl.
Ethics 19 (1993); Cross, Restoring Restorationfor Natural Resources Damages, 24 U. Toledo L.
Rev. 319, 333-44 nn. 98-150 (1993).
24. See the arguments discussed in Cowell, supra note 23, at 21-23.
25. Id. at 31.
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The year 1993 saw advances on several fronts toward restoration
of aquatic ecosystems in the United States. For example, failure of levees
in the Midwest flood zone caused government departments at every level
to rethink their former reliance on structures and embrace a revolutionary
idea: buying land to turn into wetlands and not rebuilding the levees. 6
Congress considered a proposal to provide revenue for stream and
habitat restoration in the West by attaching a surcharge to water
delivered by Bureau of Reclamation projects.' Government agencies
and environmental groups in three states collaborated in efforts to have
dam and waterworks projects, both new and very old, dismantled-'
And at the very beginning of the year the incoming Administration was
presented with a major report and recommendations on national water
policy, the report of the Long's Peak Working Group, which laid unusual
stress on restoration.?
Emphasizing the link between ecosystem health and economic
sustainability, the Long's Peak Working Group declared that restoration
should be based upon the principle of "adaptive management" and that
watersheds (i.e., river basins) should form the basic unit of analysis and
activity." The report specifically recommended that the President issue
an Executive Order establishing a policy of watershed-level aquatic
ecosystem protection and restoration.'1 It further recommended for
action at the federal level: reauthorization of the Endangered Species
Act;' expeditious implementation of recovery plans (particularly for
Columbia and Snake River salmon); making the Federal Energy Regulatory Commission (FERC) more responsive to ecological interests in
hydropower licensing or relicensing and establishing a fund for dam
removal or decommissioning; preparation of an interagency report

26. Labaton, U.S. Is Consideringa 'Revolution' in Flood Control,N.Y. Times, Aug. 28, 1993,
at 6.
27, 10 U.S. Water News 1 (1993).
28. In Florida, the state administration decided to dismantle Rodman Dam (part of the
never-finished Cross-Florida Barge Canal project) and restore the Oklawaha River; the plan
awaits approval of the state legislature. 9 US. Water News 4 (1993). In Oregon, federal and
state agencies and environmental groups asked for the removal of the half-completed Elk
Creek Dam on a tributary of the Rogue River. 10 US. Water News 1 (1993). And in Utah,
the Corps of Engineers was trying to get rid of the 60-year-old Red Butte Dam in the
foothills of the Salt Lake Valley, which is no longer worth its keep. 10 U.S. Water News 4
(1993).
29. America's Waters: A New Era of Sustainability, Report of the Long's Peak Working
Group on National Water Policy, Dec. 1992 (on file with Natural Resources Law Center)
[hereinafter Long's Peak Report].
30. Long's Peak Report, supra note 29, at 5.
31. Long's Peak Report, supra note 29, at 8 (Recommendation 11).
32. Endangered Species Act of 1973, Pub. L. No. 93-205, 87 Stat. 884 (1973) (codified as
amended at 16 U.S.C. §§ 1532-1544 (1988)).
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specifying major ecosystem restoration opportunities throughout the
nation; and the establishment of a National Restoration Trust Fund for
aquatic ecosystems. 3
These are important developments in attitude, at least, toward
undoing damage caused by waterworks in decades past. Behind the
recommendations lie several recent studies on restoration, two decades
of effort to save individual aquatic species from extinction, and a number
of restorations in progress ranging in size from interstate and interbasin
projects to small streamside wetlands.'
The catalyst in efforts to save individual species has been the
Endangered Species Act which, because of its critical habitat provision,
is important not just for the fish singled out for attention, but for the
entire ecosystem on which that species depends.3 In this respect, it has
the capacity to alter old-established federal agency water policy and
region-wide economic activities. The Act defines critical habitat as areas
on which are found physical or biological features essential to the
conservation of the species and which may require special management.' If failure to designate an area as critical habitat would result in
the extinction of the species concerned, then it must be designated,37 the
economic or other impact notwithstanding. This is the high card which
the Act holds over any dam that threatens the extinction of a listed
species. The critical habitat provision very nearly prevented the completion of a Tennessee Valley Authority project which long antedated the
Endangered Species Act (the snail darter case).' and it may yet bring
about the removal of two elderly dams in Olympic National Park.'
33. Long's Peak Report, supranote 29, at 8-9, 11 (Recommendations 9, 13, 32,33 and 41).
34. See supra note 23.
35. For an analysis of the Act, see Kilbourne, The Endangered Species Act Under the
Microscope: A Closeup Look from a Litigator's Perspective, 21 Envtl. L 499 (1991). In the two
decades since its enactment, its scope has been narrowed both by Congress and by federal
agencies. See Yagerman, ProtectingCriticalHabitat Under the Federal Endangered Species Act,
20 Envtl. L. 811 (1990).
36. Endangered Species Act, 16 U.S.C. § 1532(5)A (1988).

37. Id. § 1533(b)2.
38. TVA v. Hill, 437 U.S. 153 (1978). The Supreme Court held that closing the gates on
Tellico Dam, which would destroy the snail darter habitat, was prohibited and that the Act's
intent was to reverse species extinction "whatever the cost". Id. at 184. Congress circumvented the decision by specifically granting the Tennessee Valley Authority an exemption for
Tellico in the Energy and Water Development Appropriation Act of 1980, Pub. L. No. 96-69,
93 Stat. 437, 449 (1979).
39. These are the Elwha and Glines Canyon dams on the Elwha River in the State of
Washington. Under the Elwha River Ecosystem and Fisheries Restoration Act of 1992, the
Secretary of the Interior is authorized to acquire the projects and have the dams removed,
provided it has been determined that removal is necessary for full restoration of the Elwha
River ecosystem and that funds will be available. Elwha River Ecosystem and Fisheries
Restoration Act of 1992, Pub. L. No. 102495, 106 Stat. 3173 (1992).
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However, the only agency with the authority to actually carry out
removal of working power dams is the Federal Energy Regulatory
Commission (FERC), which is responsible for licensing and relicensing all
non-federal dams in the United States.' This agency is in a crucial
position to mitigate the adverse impact of existing dams, because more
than 200 of the latter come up for relicensing in the 1990s, but it has a
reputation for environmental foot-dragging (hence the Long's Peak
Working Group's proposal that FERC contribute more positively to
ecosystem restoration)'
If the Endangered Species Act is a goad, the Central Valley
Project Improvement Act of 1992 4 is a blueprint for ecosystem restoration in an irrigation, flood control, and water supply project now nearly
60 years old. It applies to the rivers and streams of the Central Valley and
Trinity River basins of California and its purpose is to protect, restore
and enhance fish, wildlife and associated habitats.0 It authorizes the
Secretary of the Interior to develop a program to ensure that, by the year
2002, natural production of anadromous fish in these rivers and streams
will be sustainable on a long-term basis." First priority is given to
measures which restore natural channel and riparian habitat through
habitat restoration programs and modifications to the Central Valley
Project (CVP) operations so as to provide instream flows sufficient to
protect all life stages of anadromous fish."s To that end, the Secretary is
authorized to dedicate 800,000 acre-feet of CVP project water and
implement other measures such as channel restoration, modifying
waterworks, and providing fish ladders and spawning areas. The
Secretary is to develop ecosystem and water system operation models to
provide a comprehensive water budget of surface and groundwater

40. Under the Federal Power Act, 16 U.S.C. §§ 791a to 828c (1988).

41. See Grimm, Fishery Protection and FERC Hydropoer Relicensing Under ECPA:
Maintaining a Deadly Status Quo, 20 Envtl. L 929 (1990). An amendment to the Federal
Power Act requires FERC, when licensing projects, to include conditions for protecting,
enhancing and mitigating damage to fish and wildlife, including habitat. 16 U.S.C. § 803(p
(1988). FERC has reportedly resisted these requirements by delaying the implementation or
modifying the recommendations of federal and state wildlife agencies. Grimm, supra,at 932.
42. The Central Valley Project Improvement Act (CVPIA) is part of the Reclamation
Projects Authorization and Adjustment Act of 1992, Pub. L.No. 102-575,106 Stat. 4600,470631 (1992) [hereinafter CVPIA]. For background to the Act and the way in which it modifies

the governing principles of the Central Valley Project, see Dunning, Confronting the Environmental Legacy of IrrigatedAgriculturein the West: The Case of the CentralValley Project,23 Envtl.

L. 943 (1993).
43. CVPIA, supra note 42, § 3402, 106 Stat. at 4706.
44. CVPIA, supra note 42, § 3406(b), 106 Stat. at 4714-21.

45. CVPIA, supra note 42, § 3406(b)(l)(A) & (B), 106 Stat. at 4715.
46. CVPIA, supra note 42, § 3406(b)2, 106 Stat. at 4715-16.
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supplies. 7 The Act establishes an annual restoration fund of $50
million, sustained by federal water and power users.' It places limits on
new and renewed contracts for water supply from the CVP in favor of
fish and wildlife, but adverse effects of the program on existing water
contractors are to be minimized by increasing the yield of CVP by the
amount dedicated to fish and wildlife purposes, i.e., the 800,000 acrefeet.' Among the options to be considered under the plan for increased
yield are conservation of water, conjunctive use of surface and groundwater, purchase of water and water rights, and purchase of agricultural
land.s
This is a huge program, covering the major rivers of California,
the Sacramento and San Joaquin, and their joint delta estuary emptying
into San Francisco Bay. It is geared specifically to the recovery of
anadromous fish, especially winter run Chinook salmon. When fully
implemented, however, its benefits will undoubtedly extend to riparian
and adjoining upland habitat that is important for many bird and
mammal populations which have dwindled dramatically under the longterm effects of the Central Valley's agricultural and urban economies.5'
Still, the emphasis in this and other programs is rightly upon aquatic
fauna, which are becoming extinct faster than land-based creatures. More
than 90 percent of imperiled fishes in a recent study of North American
waterways are affected by habitat loss, the most endangered being the
fish of the arid West.s
The threatened disappearance of two species of fish has prompted one of the most ambitious restoration programs ever attempted in the
United States-the Pyramid Lake project.53 This involves two rivers (the

47. CVPIA, supra note 42, § 3406(g), 106 Stat. at 4725-26.
48. CVPIA, supra note 42, § 3407, 106 Stat. at 4726-28.
49. CVPIA, supra note 42, §§ 3404, 3408(j), 106 Stat. at 4708-09, 4730.
50. CVPIA, supra note 42, § 3408(j), 106 Stat. at 4730.
51. See Deane & Holing, Ravage the Rivers, Banish the Birds, Defenders, May/June 1985, at
20.
52. Master, Aquatic Animals: EndangermentAlert, Nature Conservancy, Mar./Apr. 1991, at
26.
53. The description which follows is based on Yardas, Restoring Endangered Ecosystems:
The Truckee Carson Water Rights Settlement, Resource L. Notes, Jan. 1992, at 5 (Newsletter of
the U. Colo. Natural Resources Law Center at Boulder); An Interview with Robert Pelcyger,
Resource L Notes, Apr. 1993, at 5. For background to the'controversy precipitating the
settlement, see Nevada v. U.S., 43 U.S. 110 (1983) (rejecting claim of the Pyramid Lake Paiute
Tribe to a reserved water right for Pyramid Lake); Carson-Truckee Water Conservancy Dist.
v. Clark, 741 F. 2d 257 (1984), cert. denied, 470 U.S. 1083 (1985) (in which it was held, and let
stand, that water from a federal storage reservoir on the upper Truckee River could be used
to protect the Pyramid Lake fish rather than for municipal use). See also Luck, Note,
Diversions of Nevada's Truckee River Foreshadow Doom for Endangered Species, 31 Nat. Res. J.
931 (1991).
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Truckee and the Carson), two states (California, in which these rivers rise,
and Nevada, in which they terminate). It engages federal, state, and local
agencies in a concerted effort to virtually squeeze water out of resources
committed decades ago for irrigation agriculture and municipal use, so
as to save a desert ecosystem important to the Paiute Indian tribe. Early
in this century, nearly half the flow of the Truckee River, which would
otherwise feed Pyramid Lake, was diverted by canal into the lower
Carson River to supply an irrigation project whose wasteful use of water
incidentally provided sufficient return flows downstream to support
habitat for endangered species in a wildlife refuge at the Carson River's
terminus. It seemed impossible to get enough water out of the system to
supply municipalities, power plants and farms on the two rivers and at
the same time provide for recovery of Pyramid Lake. Moreover, any
attempt to benefit Pyramid Lake by tightening up the leaky irrigation
project's operations on the Carson would damage the valuable Carson
delta wetlands. A complex piece of legislation, the Truckee-CarsonPyramid Lake Water Rights Settlement Acts holds promise of resolving
this dilemma. To get water for the lake and for the wetlands requires
reservoir releases, changes in a private utility's hydroelectric generation
and storage, urban water conservation, increasing the efficiency of
irrigation, acquisition of irrigation rights, and taking some agricultural
land out of production.s In addition, the Act authorizes a study of the
Truckee River to examine the feasibility of stabilizing its course, restoring
riparian habitat, and improving access for fish to upstream reaches past
one of the dams.M
The Pyramid Lake settlement requires water resource managers
to reverse or greatly modify decades-old patterns of operation, but does
not mandate the removal of waterworks altogether. That is what the
Kissimmee River restoration project proposes to do. A feeder river, via
Lake Okeechobee, of the Florida Everglades and provider of much of that
beleaguered ecosystem's water, the Kissimmee underwent brutal surgery
in the 1960s to convert more than 100 miles of its meandering course into
a ruler-straight canal half that long.5 ' The ecological impact was so
devastating that restoration studies were begun very soon afterward. A
demonstration project proved that dechannelizing the Kissimmee was
feasible and could restore the ecological integrity of the river while

54. Truckee-Carson Water Rights Settlement Act, Pub. L No. 101-618, 104 Stat. 3294
(1990).
55. Id. § 202(b), (c), (0 and (g), 104 Stat. at 3924.
56. Id. § 207(b)(1), 104 Stat. at 3313.
57. See National Research Council, supra note 1, at 479, 481-82; Association of State
Wetland Managers et. al, A Casebook in Managing Rivers for Multiple Uses 50 (1991)
[hereinafter Casebook].
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maintaining flood hazard protection.' The comprehensive plan finally
chosen calls for increasing storage capacity in upper basin lakes, then
backfilling the canal, removing levees, and creating a new river channel.?' Altogether, more than nine agencies or institutions have participated in this vigorous effort at the state and local level to let a river once
more wander where it will.' °
Letting nature provide the solution so impressed the Corps of
Engineers as a cost-saving alternative to flood-control structures that it
proposed a "Natural Valley Storage" project in the Charles River basin of
Massachusetts.' Under this program, completed in 1984, the Corps
purchased wetland areas and easements sufficient to act, in effect, as a
natural reservoir to absorb the maximum foreseeable flood.'2 The
benefits go far beyond flood protection. They include enhanced fish and
wildlife habitat and the recharge of groundwater aquifers.' Whereas
upstream dams, which have the effect of lowering the water table
downstream, may cause a drastic degradation of the floodplain, aquifers
store surplus surface waters and release them back to the stream in low
flow months. This not only helps to maintain the aquatic ecosystem in a
more natural state, but permits conjunctive management of the resource,
whereby surface water users who have wells can switch to ground water
as surface supplies diminish.
TRANSBOUNDARY WATERS OF NORTH AMERICA
The frontiers of the United States with Canada and Mexico are,
for the most part, either water boundaries in themselves (the Great LakesSt. Lawrence and the Rio Grande) or bisect very large river basins (the

58. Casebook, supra note 57, at 49, 52.
59. For a history of the initiation and progress of the plan, see National Research Council,
supra note 1, at 477-96; Casebook, supranote 57, at 51-53. For recent developments, see Water
Resources Development Act of 1992, Pub. L. No. 102-580, § 101(8), 106 Stat. 4797,4802 (1992)
(giving federal authorization and funding for the restoration project); 8 U.S. Water News 15
(1992).
60. Casebook, supra note 57, at 49; Dold, Odd FloridaAlliance Plans to Restore River to a
Meandering Path, N.Y. Tunes, Mar. 24, 1992, at C4.
61. Casebook, supra note 57, at 5, 7.
62. Casebook, supra note 57, at 5, 7.
63. Bottomland forests in parts of the country as different as Arizona's Hassayampa
Valley and North Carolina's lower Roanoke Valley depend on floods for regeneration.
Specialists in the new science of biohydrology are studying just how much water an
ecosystem needs, research which will provide a more precise basis for negotiating the water
rights of wild species. See Stolzenburg, A River Floods Through It, Nature Conservancy,
May/June 1993, at 22.
64. On the benefits and drawbacks of conjunctive use, see Teclaff, An International
Comparisonof Trends in Water Resources Management, 7 Ecol. L.Q. 881, 906-07 (1979).
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Columbia and the Colorado). In the Columbia River basin, an amicable
and enduring arrangement between the United States and Canada for
hydropower development has turned into a formidable impediment to
the recovery of anadromous fish populations and their habitat. Under the
Columbia River Treaty of 1961, Canada was required to provide four
large storage facilities in its portion of the basin and the United States
undertook to operate its power facilities in the most efficient manner.6'
The result was that anadromous fish runs, already declining after dam
construction in the United States part of the basin, suffered further loss.
Most of the spring flow from snowmelt in -the upper Columbia basin,
which the fish relied upon to reach the ocean, was trapped behind the
Canadian dams for release to the system's power operators later in the
year. In 1990, despite a decade of attempts by fishery agencies and Indian
tribes to have fish and wildlife restoration treated on a par with
hydropower, the power authorities designated by both countries to
implement the treaty collaborated in still further manipulating river flows
in favor of power production.'7 This came about because the Canadian
entity had constructed storage in excess of that required by the treaty, but
none of the new storage was earmarked for fish flow improvement. '
It might be supposed that the International Joint Commission (IJC) would
have some say in the issue. From its inception, however, the IJC's
jurisdiction and powers have been circumscribed by the Boundary Waters
Treaty of 1909, 9 which excluded from the definition of boundary waters
rivers that flow across the frontier, such as the Columbia. The Commission was consulted by both countries prior to the negotiation of the
Columbia River Treaty and devised the formula for joint development of
the basin,7 but its role under the treaty is limited to that of an arbitration
tribunal. 0
On other sectors of the United States-Canadian border, the
Commission has expanded the narrow focus of its mandate within the
past two decades to embrace some environmental problems." In the

65. Treaty Relating to Cooperative Development of the Columbia River Basin, U.S.-Can.,
Jan. 17, 1961, 15 U.S.T. 1555 (instruments of ratification were not finally exchanged until
Sept. 16, 1964) [hereinafter Columbia River Treaty]; see Tedaff, supra note 3, at 438-43.
66. Columbia River Treaty, supra note 65, arts. 2 to 4, 15 U.S.T. at 1558-60.
67. See Blumm & Simrin, The Unraveling of the ParityPromise: Hydropower, Salmon and
Endangered Species in the Columbia Basin, 21 Envtl. L. 656 (1991).
68. Id. at 709-10.
69. Boundary Waters Treaty, Jan. 11, 1909, U.S.-Gr. Brit. (Canada), 36 Stat. 2448 (1909).
70. Id. art. XVI, 36 Stat. at 2454. On the Commission's reports preceding the treaty and
its arbitration function, see Teclaff, supra note 3, at 438-40.
71. See Lemarquand, The InternationalJoint Commission and ChangingCanada-UnitedStates
Boundary Relations, 33 Nat. Res. J. 59, 74 (1993). One of these problems was the Garrison
Diversion Project, which would have linked Missouri Basin waters across the border with
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past, there have been complaints that the IJC has not been consulted as
much as it should have been on environmental matters, and that when
it was consulted on a habitat issue, it refused to make a final determination. However, the Commission's recommendations laid the basis for
the ecosystem approach in the Great Lakes Water Quality Agreement of
1 9 7 8 , and fishery and wildlife interests hope for increased IJC involvement in restoring habitat.74 Many species, including more than 3 million
migratory waterfowl, depend on the fringe wetlands of the Great
Lakes.' Thesenwetlands, in turn, are greatly influenced by water level
fluctuations, over which the IJC has long had jurisdiction. 6 Regulation
of lake levels in the past has caused numerous adverse effects throughout
the Great Lakes-St. Lawrence ecosystem, from problems for fish spawning
in Lake Superior, to reduction in extent and diversity of wetlands around
Lake Ontario, to loss of floodplain silver maple forests along the St.
Lawrence River." Now the IJC is contemplating, if not a reversal, at
least a modification of past practice. After a period of very high water
levels in the mid-80s, the governments of Canada and the United States
asked the Commission to examine and report on all the adverse
consequences, economic as well as environmental, of lake level fluctuations, and in 1993 the Levels Reference Study Board established by the
Commission issued its report.' The Board found that changes in levels
actually contribute to the environmental health of the basin' and
recommended that the Canadian and United States governments give no
further consideration to five-lake or three-lake regulation plans, that no
new structures be installed, and that some fill in the Niagara River
waters flowing to Hudson's Bay, and which the IJC unanimously opposed on biological
grounds. On the Garrison Diversion Project (IJC Docket No. 101,1975), see Carroll, Environmental Diplomacy 175-84 (1983).
72. On failure to consult the Commission, see Lemarquand, supra note 71, at 74-75. The
IJC's refusal to make a final determination concerned the question of natural inundation vish-vis flood control in the Lake Champlain-Richelieu River basin. For a detailed account of
this dispute, see Carroll, supra note 71.
73. Great Lakes Water Quality Agreement, Nov. 22, 1978, U.S.-Can., 30 U.S.T. 1384.
74. One of the objectives of the Great Lakes Fish and Wildlife Restoration Act of 1990 is
to develop recommendations for such increased involvement. Great Lakes Fish and Wildlife
Restoration Act of 1990, Pub. L. No. 101-527,104 Stat. 2370,2371 (1990) (codified at 16 U.S.C.
§ 941a(1) (Supp. II 1990).

75. Levine & Willard, Regional Analysis of Fringe Wetlands in the Midwest: Creation and
Restoration, in Wetland Creation and Restoration, supra note 1, at 303.
76. See Lemarquand, supra note 71, at 69-71.
77. See International Joint Commission, Levels Reference Study Board, Levels Reference
Study: Great Lakes-St. Lawrence River Basin, Final Report 35 (1993) [hereinafter Levels
Reference Study]; Levels Reference Study, supra,Annex 2, at 231-34,263-64; Levels Reference
Study, supra, Annex 5, at B-3.
78. Levels Reference Study, supra note 77.
79. Levels Reference Study, supra note 77, at 35.
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between Lake Erie and Lake Ontario be removed to help restore Lake
Erie's outflows nearer to pre-project conditions.'
On the United States' southern boundary with Mexico, aquatic
ecosystem restoration has received even less attention. The Colorado,
dammed to a fare-thee-well, is atits last gasp when it reaches the sea and
the Rio Grande, a border river for most of its length, is put hard at work
supplying irrigation districts and municipalities.' Every drop of water
in both rivers is accounted for by treaty.' The Colorado supply to
Mexico has been the cause of strained relations between the two
countries, being salty as well as (from an ecosystem point of view) scanty.
An agreement, signed in 1 9 7 3 ,s to provide an equitable solution to the
salinity problem, provided for the rehabilitation of irrigated farmland in
the Mexicali Valley below the border, but did very little for the ecosystem. A binational study of part of the delta has been initiated,s" but in
view of the many demands on the Colorado's already over-allocated
resources nothing short of a system-wide analysis of the river's biohydrology seems called for.
The area of joint jurisdiction of the International Boundary and
Water Commission, United States-Mexico (IBWC), is a very narrow strip
along the frontierss Whereas its northern counterpart, the IJC, has more
of a juridical role and a basin and ecosystem approach (at least in the
Great Lakes), the IBWC is basically an engineering body, charged with
planning, constructing and operating dams, storage and diversion
structures and flood-control works." For many years, as part of its
80. Levels Reference Study, supra note 77, at 39, 46, 65.
81. See supra, text accompanying notes 11-13.
82. Treaty Respecting Rio Grande, Colorado and Tijuana Rivers, U.S.-Mex., Feb. 3,1944,
59 Stat. 1219 [hereinafter Treaty of 1944].
83. Permanent and Definitive Solution to the International Problem of the Salinity of the
Colorado River, Minute 242, International Boundary and Water Commission (Aug. 30,1973),
reprinted in 12 I.L.M. 1105.
84. On the binational study, see Glenn et al., supra note 11, at 824 n.24.
85. Its jurisdiction extends only to "the limitrophe parts of the Rio Grande (Rio Bravo) and
the Colorado River, to the land boundary between the two countries, and to works located
upon their common boundary, each section of the commission retaining jurisdiction over
that part of the works located within the limits of its own country." Treaty of 1944, supra
note 82, art. 2, 59 Stat. at 1222-25; See also Teclaff, supra note 3, at 432-33, 447-48.
86. Under the Treaty of '1944, supra note 82, the IBWC is responsible for dams, storage
and diversion (arts. 5 and 12), flood control (art. 6), and generation of electric power at
international dams (art. 7). Its responsibilities have been enlarged (mostly to encompass
pollution control) by the 1983 Border Environmental Cooperation Agreement. Agreement
on Cooperation for the Protection and Improvement of the Environment in the Border Area,
Aug. 14, 1983, U.S.-Mex., T.I.A.S. No. 10827. However, several commentators attest to
criticism of the Commission for its limited responsiveness, failure to be environmentally
sensitive, and lack of input from local government, non-governmental organizations, and
the public (its northern counterpart, the IJC, by contrast, holds regular public hearings). See
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flood-control operations, the Commission cleared brush from the banks
of the Rio Grande in Texas, a procedure which runs directly counter to
U.S. Fish and Wildlife Service efforts to restore a corridor of wildlife
habitat along the river.87 Some of the most urgent conservation projects
in the United States and Mexico are being proposed in sections of the
border, such as the lower Rio Grande.U The border zone, about 100
miles wide, contains perhaps the richest biodiversity and the most
endangered species in either of the two countries. Because it is bisected
by the frontier, this remarkable biological province has not received the
protection it deserves.
There are hopes for the future, however. Even under the
restrictions of the 1944 Treaty, the IBWC may be called upon to make
provision for "other beneficial uses which may be determined.'' The
concept of ecosystem restoration as a beneficial use may some day
enlarge the Commission's field of operations. Other opportunities exist
in the cooperative agreements between environmental agencies of both
countries, the United States Environmental Protection Agency and Fish
and Wildlife Service and the Mexican Secretaria de Desarrollo Urbano y
Ecologia (SEDUE). These arrangements have become trilateral with the
inclusion of Canada in a plan for, inter alia, cooperation on wetlands.'
TRANSBOUNDARY WATERS ELSEWHERE
Before the big-dam era, a hands-off attitude toward boundary
waters was actually the salvation of many aquatic ecosystems. Several
European treaties dating back to the 19th century enshrined this negative
concept, preserving the watercourses as far as possible in their natural
state' A few even called for the removal of waterworks." None were

Mumme, Innovation and Reform in Transboundary Resource Management: A Critical Look at the
International Boundary and Water Commission, United States and Mexico, 33 Nat. Res. J.93, 99-

100 (1993); Ingram & White, International Boundary and Water Commission: An Institutional
Mismatch for Resolving Transboundary Water Problems, 33 Nat. Res. J. 153, 169-74 (1993).
87. See Potter, Environmental Groups Settle Brush-Clearing Litigation Against the International
Boundary and Water Commission, Transboundary Res. Rep., Summer 1991, at 3.
88. Steinhart, Life on the Border, Nature Conservancy, Sept./Oct. 1993, at 25, 29. Fish are

particularly in trouble. More than a third of the desert fish species of the American
Southwest are listed as threatened or endangered. Id. In June 1993, the U.S. Fish and

Wildlife Service began hearings on adding the Rio Grande silvery minnow to the list, which
could affect water releases for cities, industries, and irrigators. 10 US. Water News 1 (1993).
89. Treaty of 1944, supra note 82, art. 3, 59 Stat. at 1225.
90. See Szekely, Emerging Boundary EnvironmentalChallenges and Institutional Issues: Mexico
and the United States, 33 Nat. Res. J. 33, 39-40 (1993).
91. Id. at 40.

92. E.g., Frontier Treaty, Mar. 28, 1820, Fr.-Neth., 71 Consol. T.S. I [hereinafter Frontier
Treaty]; Convention Respecting Boundary Streams, June 22,1882, Belg.-Fr., 160 Consol. T.S.

Fall 1991

RESTORING RIVERS AND BASINS

directed at ecosystem restoration, but fish and wildlife must have
indirectly benefited. Some ecological safeguards were written into a 1926
agreement pertaining to the Kunene River in what was then the
Mandated Territory of South-West Africa." The treaty refers to the need
to keep open the natural overflow channels of the Kunene, which had
become silted up, and specifically charged a joint technical commission
with devising a means of supplying water for the purpose of inundation,
i.e., restoring a vital function of the river and its floodplain."
As the century advanced and dam-building accelerated all over
the globe, however, few treaties embodied any concern for aquatic
ecosystems. The Nile Waters Agreement of 1959,9 for example, notes the
quantities of water "wasted" in the swamps of the upper Nile Basin and
outlines the development projects necessary to prevent such wastage.
Only in recent years have there been attempts toward recreating natural
water flows or any recognition of lost environmental values. The so-called
ZACPLAN for the multistate Zambezi River system offers a framework
for environmentally sound water resources management, which is
expected to include measures for wetlands protection, reforestation, and
maintenance of watershed vegetation cover.' On other African rivers,
such as the Pongolo and the Senegal, experiments are being made with
regulated flood releases as a feature of dam operation so as to restore the
biological productivity of the riverine habitat." In South America, the
Treaty for Amazonian Cooperation of 1978" speaks of ecological balance

331.
93. For example, art. XLU of the Frontier Treaty, supra note 92, calls for the removal of
dams and other works impeding the free course of the river. See also Frontier Treaty, July
2,1824, Neth.-Hanover, 74 Consol. T.S. 291; Convention Relative to the Embankment of the
Dollard, Sept. 23,1874, Neth.-Prussia, 148 Consol. T.S. 169; Frontier Determination Treaty,
Dec. 2,1856, Fr.-Spain, 116 Consol. T.S. 85; Final Act for the Delimitation of the International
Frontier in the Pyrenees, July 11, 1868, Fr.-Spain, 137 Consol. T.S. 343.
94. Agreement Regulating the Use of the Waters of the Kunene River, July 1, 1926, Port.S. Afr., 70 L.N.T.S. 315.
95. Id.
96. Agreement for the Full Utilization of the Nile Waters, Nov. 8, 1959, United Arab
Republic (Egypt)-Sudan, 15 Rev. Egyptienne de Dr. Int'l 321-29 (1959). Also consult the
Report of the Joint Argentine-Paraguayan Frontier Commission, which refers to "useless"
marshes in the floodplain of the Pilcomayo River. Final Report of the Joint ArgentineParaguayan Frontier Commission, Aug. 16, 1944, reprinted in Legislative Texts and Treaty
Provisions Concerning the Utilization of International Rivers for Other Purposes Than
Navigation 154, U.N. Doc. No. ST/LEG/SER.B/12 (1963) [hereinafter U.N. Legislative
Texts).
97. Agreement on the Action Plan for the Environmentally Sound Management of the
Common Zambezi River System, May 28, 1987,27 LL.M. 1109, 1118, 1123-24.
98. See Scudder, The Need and Justificationfor MaintainingTransboundaryFlood Regimes: The
Africa Case, 31 Nat. Res. J. 75, 100-04 (1991).

99. Treaty for Amazonian Cooperation, July 3, 1978, 17 LL.M. 1045.
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and preservation of species, but also states that nothing in the agreement
should be to the detriment of development projects within the parties'
respective territories.
The decline of commercially valuable fish, such as salmon and
trout, has long preoccupied European countries and, as in the United
States, drew attention to the effect of waterworks upon aquatic habitat.
This is evident in specific treaty provisions, going back to the last quarter
of the 19th century, on spawning areas and freedom of passage for
salmon in the Rhine basin and trout in Lake Constance. 100 Later treaties
recognize that fish cannot adjust their spawning habits to a river divided
into segments by impassable dams. A Finnish-Norwegian agreement of
1964 defines the area to which it applies as extending from the sea to the
furthermost point in the watercourse to which salmon ascend.' 0' More
recently, an Italian-Swiss fisheries convention pertaining to lakes
Maggiore and Lugano and the river Tresa creates a commission which is
assisted by specialists in the hydrobiology of the two states and which
has the power to require damaged habitat to be restored as far as
possible to its original condition."'
AQUATIC ECOSYSTEM RESTORATION IN WILDLIFE AND
RELATED CONVENTIONS
The regional and global wildlife and related conventions enacted
within the past quarter of a century have a bearing on aquatic ecosystems, and some even call for restoration of degraded habitat. The Ramsar
Convention of 1971 on wetlands of international importance"° is a

100. See, e.g., Convention Concerning Uniform Fishery Dispositions for Lake Constance,
July 5, 1893, reprinted in U.N. Legislative Texts, supra note 96, at 403; Convention... Pour
Regulariser la Peche du Saumon dans le Bassin du Rhin, June 30, 1885, reprinted in U.N.
Legislative Texts, supra note 96, at 393; Convention Concerning the Regulation of Fisheries
in Boundary Waters, 5 Nov. 1892, Lux.-Prussia, reprinted in U.N. Legislative Texts, supra note
96, at 716.
101. Agreement Regarding Fishing in the Fishing Area of the Naatamo (Neiden)
Watercourse, June 9, 1964, Fin.-Nor., 503 U.N.T.S. 205, reprinted in Burchi, FAO Legislative
Study No. 50, Treaties Concerning the Non-Navigational Uses of International Watercourses-

Europe 165 (1993).
102. Fisheries Convention, Mar. 19, 1986, Italy-Switz., Recueil offidel des lois federales
539 (1989) (Swiss), reprinted in Burchi, supra note 101, at 418. The Convention creates the
Commission, and requires the restoration of damaged habitat. All works of cleaning and
maintenance of the banks which involve the elimination of aquatic and marshy plants or
shifting of earth are subject to the Commission's permission and so are plans for any works
which interrupt or modify the natural course of the waters subject to the Convention.
103. Convention on Wetlands of International Importance Especially as Waterfowl
Habitat, Feb. 2,1971,11 I.L.M. 969 [hereinafter Ramsar Convention); see Golding, Comment,
Beyond the Ramsar Convention: A Proposal for the International Protection of Wetlands Through
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unique instrument dedicated to the preservation of a specific type of
ecosystem. By definition it encompasses rivers, the lakes into which they
flow, their floodplains and estuaries."° But the Convention does not
itself require that the parties restore wetlands; only that they promote
conservation of such areas by establishing nature reserves on wetlands.
Moreover, it is couched in non-obligatory language and is wholly
dependent on national policies, which may change at any time.
Like the Ramsar Convention, the Berne Convention of 1979 ,11s
a regional agreement, nowhere mentions the word "restore," although it
devotes an entire chapter to protection of habitats. However, the Bonn
Convention of the same year does speak of restoration, and in binding
language at that."° It is confined to the conservation of migratory
species of wild animals, but could be held to refer to aquatic ecosystem
habitat in applicable circumstances. It obligates the parties, where feasible
and appropriate, to restore those habitats of a migratory species which
are of importance in removing the species from danger of extinction."7
In guidelines for individual agreements to restore a migratory species to
a favorable conservation status, the Convention states that each agreement should provide, not only for restoration of habitat, but also
"elimination of, to the maximum extent possible, or compensation for
activities and obstacles which hinder or impede migration."'00
The long-awaited United Nations Convention on Biological
Diversity of 199211 has been criticized as flawed and vague and failing
to address the issues." Nonetheless, given sufficient teeth, the Biodiversity Convention could have an action-forcing capability in the
international sphere similar to that of the Endangered Species Act in the
domestic one. To begin with, it emphasizes the in-situ conservation of
ecosystems and natural habitats, which is defined as "the conservation of
ecosystems and natural habitats and the maintenance and recovery of

Binding Regional Agreements, 3 Colo. J. Int'l EnvtL L & Pol'y 359 (1992).
104. Art. 1(1) defines wetlands as "areas of marsh, fen, peatland or water, whether natural
or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of
marine waters the depth of which at low tide does not exceed six meters." Ramsar
Convention, supra note 104, at 969.
105. Convention on the Conservation of European Wildlife and Natural Habitats, Sept.
19, 1979, U.K.T.S. No. 56 (1982).
106. Convention on the Conservation of Migratory Species of Wild Animals, June 23,
1979, 19 IL.M. 15 (Bonn Convention).
107. Id. at 18-19.
108. Id. at 21.
109. United Nations Framework Convention on Biological Diversity, June 5, 1992,
[Reference File] Int'l Env't Rep. (BNA) 21:4001 (1994) thereinafter Biological Diversity].
110. See, e.g., Rackleff, Comment, Preservation of Biological Diversity: Totard a Global
Convention, 3 Colo. J. Int'l Envtl. L & Pol'y 405 (1992).
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viable populations of species in their natural surroundings...
in-situ conservation, it declares that:
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""'

On

Each Contracting Party shall, as far as possible and as appro-

priate:
f Rehabilitate and restore degraded ecosystems and promote
the recovery of threatened species, inter alia, through the
development and implementation of plans or other management strategies ....
The language may be weak, but the responsibility remains, both to the
species and to the habitat. The definition of biological diversity in the
Convention specifically comprises aquatic ecosystems:
"Biological diversity" means the variability among living
organisms from all sources including inter alia, terrestrial,
marine and other aquatic ecosystems and the ecological
complexes of which they are part; this includes diversity
within species, between species and of ecosystems." 3
The contracting parties are required to identify components of
biological diversity important for conservation and sustainable use,
having regard to a list of categories given in Annex I.
The list is
short, but'very broad-based; almost any species or any type of ecosystem
or habitat could be included." s Because the whole emphasis of the
Convention is on diversity within ecological complexes, a component that
has a significant impact on a larger ecosystem would qualify. A segment
of riparian or riverine ecosystem is valued for itself, as part of the larger
ecosystem that is the river basin, not merely as habitat for an endangered
fish or bird, however important.
The Convention lays considerable stress on the relationship between
preservation of biological diversity and the knowledge and practices of
indigenous and local communities. The parties recognize "the close and
traditional dependence of many indigenous and local communities

111. Biological Diversity Convention, supra note 109, art. 2, at 21:4001-02.
112. Biological Diversity Convention, supra note 109, art. 8, at 21:4002-03.
113. Biological Diversity Convention, supra note 109, art. 2, at 21:4001-02.
114. Biological Diversity Convention, supra note 109, art. 7, at 21:4002.
115. Ecosystems and habitats may include those containing high diversity, large numbers
of endemic or threatened species, or wilderness; required by migratory species; of social,
economic, cultural or scientific importance; or which are representative, unique or associated
with key evolutionary or other biological processes. Biological Diversity Convention, supra
note 109, Annex L at 21:4009. Species and communities included may be threatened; be wild
relatives of domesticated or cultivated species; of medicinal, agricultural or other economic,
or social, scientific or cultural importance; or importance for research into the conservation
and sustainable use of biological diversity, such as indicator species. Biological Diversity
Convention, supra note 109, Annex I, at 21:4009.
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embodying traditional lifestyles on biological resources ... "116 States
are required (subject to their national legislations) to respect, preserve and7
maintain knowledge and practices relevant to biological diversity,"
and to "support local populations to develop and implement remedial
action in degraded areas where biological diversity has been reduced.""' This provision, for example, bears directly on the role of Indian
tribes in the western United States and of indigenous river communities
in Africa in restoring aquatic habitat."9
AQUATIC ECOSYSTEM RESTORATION IN THE WORK OF
INTERNATIONAL ORGANIZATIONS ON
WATER MANAGEMENT
A survey of declarations and pronouncements of international
organizations reveals a recognition of the problem as slow and an
approach as indirect as that in treaties. Until quite recently, only the
Council of Europe, in its European Water Charter of 1967,'D referred to
restoring any part of an ecosystem, and that was merely to reconstituting
vegetation cover so as to conserve water resources.' The resolutions
adopted by the International Law Association and the Institute of
International Law in the 1950s and 1960s were all concerned with the
utilization of international rivers by riparian states and with the fullest
development of shared waters."n What they did do in the abstract for
aquatic ecosystems, however, was to emphasize the unity of the drainage
basin (especially in the International Law Association's Helsinki
Rules). " This emphasis was echoed and re-echoed in succeeding years

116. Biological Diversity Convention, supra note 109, at 21:4001.
117. Biological Diversity Convention, supra note 109, art. 8(j), at 21:4003.
118. Biological Diversity Convention, supra note 109, art. 10(d), at 21:4003.
119. See supra text accompanying notes 53-56, 67, 97-98.
120. Council of Europe, European Water Charter, adopted May 26,1967, reprintedin Legal
Problems Relating to the Non-Navigational Uses of International Watercourses: Supplementary Report by the Secretary-General, [19741 H Y.B. Int'l L Comm'n 342, 342-43, U.N. Doc.
A/CNA/274, also reprinted in Caponera, The Law of International Water Resources 210
(1980).
121. See Council of Europe, supra note 120, para. 6, at 343.
122. International Law Association (ILA), Report of the Forty-Seventh Conference 242
(1956) (held in Dubrovnik); ILA, Report of the Forty-Eighth Conference 99 (1958) (held in
New York); ILA, Report of the Fiftieth Conference 430 (1962) (held in Brussels); ILA, Report
of the Fifty-Second Conference 484 (1966) (held in Helsinki); Institute of International Law,
Resolutions Adopted at the 1961 Session of the Institute of International Law 2 (1962) (held

in Salzburg).
123. The full text of the Helsinki Rules is contained in International Law Association
(ILA), Report of the Fifty-Second Conference 484-532 (1966) (held in Helsinki), reprinted in
ILA, Helsinki Rules on the Uses of the Waters of International Rivers (1967) (adopted by the
International Law Association at the 52nd Conference held in Helsinki on 20th August,
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until it came to be reformulated in the concept of the river basin as
ecosystem. The term "ecosystem" had already been employed in the
Report of the 1972 Stockholm Conference on the Human Environment. 24 Throughout the next two decades an ecosystem approach to
resource management problems was advocated more and more frequently
at conferences and in the pronouncements of organizations."z In a river
basin context, it found expression, for example, in the Cairo Programme
for African Co-Operation of 1985" and at the seminars of the U.N.
Economic Commission for Europe (ECE), which has published a code of
practice on aquatic ecosystem protection."
In its work on the law of the non-navigational uses of international watercourses, the International Law Commission has incorporated an
ecosystem approach in its draft Article 20, obligating watercourse states
to "protect and preserve the ecosystems of international watercourses""
As it stands, however, this article merely proclaims a goal. It does not
outline any measures to achieve that goal, nor does the text define
"ecosystem." The Commentary to the text explained that the term refers
generally to "an ecological unit consisting of living and non-living
components that are interdependent and function as a community"'12
and discussed its application to freshwater bodies, but did not distinguish
1966). The commentary to Article IIproclaims that the drainage basin is an indivisible
hydrologic unit.
124. U.N. General Assembly, Report of the United Nations Conference on the Human
Environment, held at Stockholm, 5-16 June 1972, U.N. Doc. A/Conf.48/14 (1972), reprinted
in 11 I.L.M. 1416. Recommendation 60 calls for the Secretary-General to arrange for
systematic audits of natural resource development projects in representative ecosystems of
international significance.
125. For a review of these ecosystem pronouncements, see International Law Commission,
Report of the International Law Commission on the Work of Its Forty-Second Session, U.N.
GAOR, 45th Sess., Supp. No. 10, at 148, 157-58, U.N. Doc. A/45/10 (1990).
126. African Ministerial Conference on the Environment, Cairo Programme for African
Co-Operation, 16-18 Dec. 1985, reprinted in 16 Envtl. Pol'y & L 27 (1986). Section E.1 gives
priority to supporting and implementing integrated plans for Lake Chad and the Niger and
Cubango/Cuando rivers in order to use their waters and ecosystems rationally. Id. at 28;

see also Teclaff &Teclaff, InternationalControlof Cross-MediaPollution-An Ecosysterm Approach,
27 Nat. Res. J.21, 32-33 (1987).
127. The Senior Advisers to ECE Governments on Environmental and Water Problems
adopted, in March 1993, the Guidelines on the Ecosystem Approach in Water Management.
See U.N. Economic Commission for Europe, Protection of Water Resources and Aquatic
Ecosystems, Water Series No. 1, U.N. Doc. ECE/ENVWA/31 (1993).
128. International Law Commission, Draft Articles on the Law of the Non-Navigational
Uses of International Watercourses, Report of the Commission on the Work of Its FortyThird Session, U.N. GAOR Supp. No. 10, at 168, U.N. Doc. A/46/10 (1991).
129. For the commentary to Art. 20 (which was initially adopted as Art. 22), see
International Law Commission, supra note 125, at 147. For the Commission's definition of
"ecosystem", with supporting citations see International Law Commission, supra note 125,
at 148 & n.144.
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between their riverine and riparian components. As some commentators
have pointed out, the term may be construed to apply only to the stream
and the contents of its water (i.e., the riverine habitat)."' More specific
among these recent pronouncements on ecosystem protection are the
water-related provisions of the European Conservation Strategy,"3
which do suggest concrete measures of restoration. The section on inland
waters, lakes and rivers recommends that states:
8.... reduce environmentally damaging technical development schemes and replace them with environment-friendly
biological engineering projects; wherever possible, redevelop
accordingly and reintroduce natural dynamics (e.g., unearth
water courses channeled underground);
9. Eliminate or adjust barriers preventing the free movement
of fish and avoid creating new ones;
10. Ensure a biologically sufficient minimal flow wherever a
hydroelectric plant may still receive planning permission or a
concession expires .... "
STRATEGIES FOR TRANSBOUNDARY AQUATIC ECOSYSTEM
RESTORATION
The need to restore aquatic ecosystems that have been damaged
by waterworks is now quite widely recognized, and some impressive
restoration programs are already in progress. In international river basins
where a number of jurisdictions are involved, the problems are many
times compounded. A first, minimal step to bring international water law
in line with more advanced municipal laws on restoration might be to
use existing river basin commissions for data gathering, monitoring
waterworks, and giving advice. This should not be difficult, since most
river commissions have data-gathering responsibilities as one of their
primary functions, and the records of some go back many years. The
Rhine Commission's historic work on the hydrology of that river, for
instance, dates from the early 19th century." River commissions could
130. See, e.g., Okidi, "Preservationand Protection" Under the 1991 ILC Draft Articles on the
Law of InternationalWatercourses,3 Colo. J.Int'l Envtl. L. & PoFy 143,173 (1992); Nanda, The
Law of the Non-Navigational Uses of InternationalWatercourses; Draft Articles on Protection and
Preservationof Ecosystems, Harmful Conditionsand Emergency Situations,andProtectionof Water
Installations,3 Colo. J.Int'l EnvtL. L. & Pol'y 175, 181 (1992).
131. Council of Europe, Sixth European Ministerial Conference on the Environment, 11-12
Oct. 1990, European Conservation Strategy, Draft Recommendation (1990) (adopted by the
Ministers), reprinted in 20 Envtl. Por'y & L. 243 (1990).
132. Id. paras. B.1.8 to B.II.10.
133. Teclaff, The River Basin Concept and Global Climate Change, 8 Pace Envtl. L. Rev. 355,
384(1991).
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expand this function beyond basic hydrology and coordinate and make
use of data from other institutions. Some are already required to do this.
For example, the recently created Elbe River Commission, whose main
concern is pollution, is required to provide documentary evidence
regarding the "ecological importance of the various biotope elements of
the waters and proposals regarding the improvement of conditions for
aquatic and coastal communities."" Other commissions are broadening
the scope of their data-gathering because of concern about the effects of
climate change. 5
If there is sufficient information about the physical characteristics
of a river or lake, its flow regime, and habitats prior to disturbance by
waterworks, the emerging science of restoration ecology can use the data
both as basis and target for improving the damaged aquatic ecosystem.
There is an urgent need to protect the world's remaining free-flowing
rivers or segments of rivers, if only to serve as an undisturbed datum for
restoration ecology. More than a decade ago, the International Union for
the Conservation of Nature urged states to set aside permanently
representative examples of free-flowing rivers "to balance those now
permanently lost by modification."" New tools are constantly being
devised for data gathering and analysis, some of them very sophisticated.
Network habitat analysis, for example, can evaluate an entire river basin
by predicting its habitat response to alternative management regimes. 37
Because it can analyze a complex system, it is more useful than sitespecific analysis which typically considers single river segments
downstream from a dam or diversion. Where there are multiple
waterworks in a basin, network models can show the cumulative and
synergistic effects on habitat. A basinwide perspective of this nature
enables many factors to be taken into consideration, beyond those
pertaining to a single species, activity, area, or state.3s

134. Convention on the International Commission for the Protection of the Elbe, Oct. 8,

1990, art. 2(j), reprinted in Burchi, Treaties Concerning the Non-Navigational Uses of
International Watercourses-Europe, FAO Legislative Study No. 50, at 40 (1993).

135. See Teclaff, supra note 133, at 380-81, 384-85. It remains true, however, that there is
an absence of basic research on the ecology of large river systems. See Wescoat, Beyond the
River Basin: The ChangingGeography of International Water Problems and InternationalWatercourse Law, 3 Colo. J. Int'l Envtl. L & Pol'y 301, 326 & n.72 (1992).
136. General Assembly of IUCN, 15th Sess., Resolutions, #15/13, Oct. 21, 1981, reprinted
in International Protection of the Environment: Treaties and Related Documents (Ruster &
Simma, eds. 1991).
137. See Bartholow & Waddle, U.S. Fish & Wildlife Service, Introduction to Stream
Network Habitat Analysis, Biological Report 6, Instream Flow Information Paper No. 22
(1986). Network habitat analysis is defined as the evaluation of an entire river basin by
predicting its habitat response to alternative management regimes. Id. at I.
138. Successful restoration requires such a perspective--one more argument for river
basin planning. See National Research Council, supra note 1, at 356-57. For very large
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Then, financing should be dealt with by making sure in advance
or on an ad hoc basis that there will be funds to restore ecosystems and
how and by whom they will be contributed. Putting a price tag on
ecosystems is concededly difficult. Some examples from the United States
illustrate the range in values and costs. The fringe wetlands along the
shores of the Great Lakes provide shoreline protection against fluctuating
water levels that has been estimated at more than $7,500 per kilometer,
increasing to $40,000 per kilometer for shorelines with commercial,
industrial, and residential land use.'" They also provide valuable fish
and wildlife habitat and a stopover for more than three million migratory
waterfowl a year."4 Unstraightening 60-odd miles of the Kissimmee
River in Florida may amount to some $500 million,'4' but the benefit
will be not only to the Kissimmee, but eventually also to the entire
Everglades wetland system. Lowering four reservoirs on Idaho's Snake
River in spring is estimated at between $103 and $211 million annually.'1 That is what it would cost to flush baby salmon to the ocean and
save a troubled salmon run. To tear down the Elwha and Glines Canyon
dams in Olympic National Park would incur an expenditure of between
$60 and $124 million (depending on how much sediment needs to be
cleared out of the reservoirs).* A half-completed dam in Oregon, on
which $100 million has already been spent, is a focus of controversy:
completing it in favor of flood protection would cost an estimated $70
million, removing it in favor of fish runs, $10 million.'
Problems like these are compounded in a transboundary context.
The International Law Commission's Commentary on ecosystem
protection and preservation emphasizes that "the general obligation of
equitable participation demands that the contributions of watercourse
States to joint protection and preservation efforts be at least proportional
to the measure in which they have contributed to the threat or harm to
the ecosystems in question."' The idea of funding to which all states

international river or lake basin systems, such as the Great Lakes, Geographic Information
System (GIS) technology has revolutionized data-processing, permitting spatial analysis of
huge amounts of data and easy sharing of information by the states concerned. This
technology was used for the International Joint Commission's latest lake levels reference
study. See Levels Reference Study, supra note 77, at 95.
139. Wetland Creation and Restoration, supra note 1.
140. Wetland Creation and Restoration, supra note 1.
141. See Water Resources Development Act of 1992, Pub. L. No. 102-580, § 101(8), 106 Stat.
4797, 4802 (1992) (provides funds for an estimated total cost of $426.8 million, plus
headwaters restoration for an estimated $92 million).
142. 9 U.S. Water News 8 (1993).
143. See Sierra, May/June 1992, at 45, 51.
144. 10 U.S. Water News 24 (1993).
145. International Law Commission, supra note 125, at 151.
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involved contribute has been furthest developed in the area of pollution
cleanup, because pollution is often the most visible injury to an aquatic
ecosystem and, in the case of accidental spills especially, demands
prompt attention. For example, the Rhine Chlorides Convention of 1976,
which targeted the potash mines of Alsace as a major polluter of the
river, contains a detailed schedule of payments by all riparian states
toward the development by France of an in-ground disposal site for the
potash waste." The concept can be applied equally to damage from
waterworks. Indeed, the Council of Europe has gone further, calling upon
governments to provide funds not only for the restoration of damaged
ecosystems, but also to compensate authorities for renouncing development projects and reintegrating the workforce of firms forced to dose
down for ecological reasons. 7 Such financing might also extend to
providing for alternate sources of water or power. If states unilaterally
engage in ecosystem restoration and renounce development projects, it
would seem appropriate to consider some form of monetary encouragement on the part of states which 4benefit from the fish and wildlife
productivity of the restored habitat. 8
In a transboundary situation, removal of a major dam or other
waterwork is unlikely to happen, though not for want of trying.
Hungary, for instance, is intent on removal of the Gabcikovo dam,
recently completed by the Slovak Republic, on the Danube."4 Several
international environmental groups support Hungary's contention that
the dam, which diverts the river and has created a huge new lake, will
destroy wildlife, flood valuable land and damage one of Europe's largest
groundwater aquifers. But demolishing it appears to be a very remote

146. Rhine Chlorides Convention, Dec. 3, 1976, 16 I.LM. 265 (1977); see also Convention
on the International Commission for the Protection of the Elbe, supra note 134 (apportions
the contribution of funds toward the work of the Commission as follows: Germany, 65
percent; the Czech and Slovak republics, 32.5 percent; and the EEC, 2.5 percent).
147. Council of Europe, Pan-European Parliamentary Conference on the Protection of
East-West Environment, Final Declaration, Vienna, 23-26 October 1990, para. C.12, reprinted
in 21 Envtl. Pol'y & L 37 (1991).
148. The Canadian delegation to the United Nations Conference on the Law of the Sea
proposed something of this nature with regard to the salmon fisheries of the Pacific
Northwest. They observed that states wishing to preserve salmon rnis incur large indirect
costs in foregoing hydropower development, irrigation diversions, flood control, and other
economic benefits, and referred particularly to the preservation of ecosystem productivity
in the Fraser River of British Columbia by keeping out power dams. See Third U.N.
Conference on the Law of the Sea, Canada: Working Paper on the Special Case of Salmonthe Most Important Anadromous Species, U.N. Doc. A/Conf.62/C.2/L81 (1974), reprinted
in Knight & Chiu, The International Law of the Sea: Cases, Documents, and Readings 636-37

(1991).
149. Browne, Slovaks FinishMuch-Criticized Dam on Danube, N.Y. Times, Nov. 3, 1992, at
A8.
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contingency. Some states have been quietly removing waterworks,
however. In a complete reversal of its centuries-old policy of diking and
draining, the Netherlands has begun breaking dikes to allow an arm of
the Rhine to spill into its floodplain and meander freely, and is experimenting with controlled flooding to create other marshlands, some of
them in frontier zones."s Other states have simply ceased waterworks
construction in sensitive areas. Romania ordered all hydrologic development in the Danube delta stopped in 1990 and decreed the area, Europe's
largest wetland, a national biosphere reserve."s' A research group is
now studying how to restore the delta to ecosystem health.
Less drastic measures than dam removal can achieve a great deal.
Water agreements should aim to establish and augment instream flows,
by ecologically sound flow regulation (i.e., properly timed reservoir
releases) and by greater water use efficiency on the part of all users."
Larger instream flows for fish and wildlife can be obtained by buying up
water rights from farmers and others, and more water can be squeezed
out of existing users' budgets by urban water conservation or by changes
in irrigation deliveries and methods.1s3 The concept of "best available
technology" has long been applied in transboundary and domestic law for
the regulating of polluting industries."5 It should be extended to all
water use activities. Hydropower concessions should be renegotiated
when they come up for renewal, so as to require the maintenance of
minimum flows and the provision of fish ladders and other means of
access for migrating fish.s Much could be done also by eliminating
some dikes and levees and establishing protected strips, or "greenways,"
along river banks and lake shorelines to reintroduce riparian habitat.'5 '

150. Simons, Dutch Do the Unthinkable: Sea is Let In, N.Y. Times, Mar. 7, 1993, at 1.
151. 35 Env't 22,23 (1993).
152. See, e.g., ASEAN Agreement on the Conservation of Nature and Natural Resources,
July 9,1985, reprinted in B7 Beitrage zur Umwelt-gestaltung, 6 International Environmental
Law at 985: 51/1. The Agreement states that parties shall endeavor to regulate and control
water utilization with a view to achieving sufficient and continuous supply of water for the
maintenance of natural life supporting systems and aquatic fauna and flora.
153. As in the Truckee-Carson Water Rights Settlement, see supra note 54.
154. Teclaff, supra note 3, at 236-37, 260-61 & n.44.
155. Although it does not specify precisely what must be done, the Convention on the
Protection of the Alps appears to require such provisions to be put into effect in the sevennation Alpine region. Convention on the Protection of the Alps, Nov. 7, 1991, reprinted in
B7 Beitrage zur Umwelt-gestaltung, 6 International Environmental Law 991:83/1. On the
regime of waters, the Convention requires the parties to take appropriate measures to see
that waterworks are constructed with respect for nature. Id. at 991:83/012.
156. See Kusler & Larson, Beyond the Ark. A New Approach to U.S. FloodplainManagement,
Environment, June 1993, at 7, 8; Labaree, How Greenways Work: A Handbook on Ecology
(1992); Casebook, supra note 57.
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The European Economic Community already requires member states to
encourage such activity."
The technology and the scientific know-how to set in motion
programs of aquatic ecosystem restoration are developing fast. Only the
legal mechanisms and the political will lag behind. Human beings are
part of the basin ecosystem (as the 1978 Great Lakes Water Quality
Agreement acknowledges)M and their institutions must recognize that
truly sustainable development can be achieved only within the circle of
natural interdependence. If that happens, it is possible that future
generations in Kazakhstan will see the Aral Sea as Matthew Arnold
described it:
But the majestic river floated on,
Out of the mist and hum of that low land,
( ... ) till at last
The longed-for dash of waves is heard, and wide
His luminous home of waters opens, bright
And tranquil, from whose floor the new-bathed stars
Emerge; and shine upon the Aral Sea. 5 '

157. EEC, Council Directive of May 21, 1992, on the Conservation of Natural Habitats
and of Wild Fauna and Flora, 1992, OJ. Eur. Comm. (L 206) 7. The Directive requires
member states to encourage the management of features of the landscape, such as rivers
with their banks, essential for the migration, dispersal and genetic exchange of wild species.
158. See supra note 73.
159. Matthew Arnold: Poetry and Prose 78-79 (Bryson, ed. 1956).

